A raw extract and four extractive fractions were obtained from Cedrus brevifolia (Cyprus cedar) bark. They were all studied regarding the phenolic content and profile using spectrophotometry and HPLC-DAD-ESI-MS. The antioxidant activity was investigated using in vitro assays: DPPH and ABTS radicals scavenging and reducing power assays. The ethyl acetate fraction had the highest total phenolic and proanthocyanidin contents; a taxifolin-O-hexoside, catechin, epicatechin and procyanidin oligomers (three dimers, two trimers) were identified in this fraction. The ethyl acetate fraction was found to possess the highest DPPH and ABTS radicals scavenging effects (EC 50 =13.9 ± 0.3 and 2.3 ± 0.0 μg/mL, respectively) and reducing capacity (EC 50 =9.1 ± 0.1 μg/mL). Antioxidant effects were highly correlated with total phenolic and proanthocyanidin contents (r=0.89-0.99). These results suggest that Cedrus brevifolia bark is a new source of antioxidants.
Cedrus brevifolia (Hook. f.) Henry (Cyprus cedar) is endemic to Cyprus, the area being limited to the mountains of the Paphos forest. As Cyprus cedar has suffered a population decline, the Cyprus cedar forest is considered as a priority habitat [1] . A literature survey showed no reports on the chemical composition of this species. The aim of the present study was to investigate the phenolic content and antioxidant potential of C. brevifolia bark and to correlate these two.
Cyprus cedar bark was extracted with 80% aqueous methanol (v/v). The components of the raw extract (CbE; 17.4 g) were separated by polarity using liquid-liquid partition. The yields of diethyl ether (CbE1), ethyl acetate (CbE2), n-butanol (CbE3) and aqueous (CbE4) fractions were 4.48%, 1.02%, 4.08% and 1.53%, respectively. Spectrophotometric quantifications showed that fraction CbE2 had the highest total phenolic and proanthocyanidin contents (415.0 ± 2.1 mg gallic acid and 272.1 ± 2.9 mg (+)catechin/g extract, respectively) ( Table 1 ). and MS fragmentation patterns with those mentioned in the literature [2a,b,c,d] . The phenolic constituents in CbE3 and CbE4 were found to be highly polymerized procyanidins.
Depending on their redox potential, polyphenols may quench free radicals by either hydrogen donation or electron transfer [2e]. Both DPPH (2,2-diphenyl-1-picrylhydrazyl) and ABTS [2,2'-azinobis-(3ethylbenzothiazoline-6-sulfonic acid)] were used to evaluate the free radical scavenging abilities of Cyprus cedar extracts. Hydrogen and electron donating antioxidants convert DPPH and ABTS radicals to the corresponding non-radical forms with a consequent decrease in absorbance [2f] . According to the EC 50 values, in both DPPH and ABTS assays, the best scavenging effects were found for CbE2 (EC 50 =13.9 ± 0.3 and 2.3 ± 0.0 μg/mL, respectively); its effects were comparable with those of the positive control, butylhydroxyanisole (BHA) (EC 50 =12.6 ± 0.1 and 1.9 ± 0.0 μg/mL, respectively) (Table 2) . the most active of the Cyprus cedar extracts. Comparison of EC 50 values showed that its reducing power was only two-fold weaker than that of BHA (EC 50 = 9.1 ± 0.1 and 4.3 ± 0.06 μg/mL, respectively) ( Table 2) . Correlations between antioxidant effects and total phenolic and proanthocyanidin contents were examined using Pearson's correlation coefficient (r). Very strong positive correlations were found indicating the major contribution of polyphenols, including proanthocyandins, to antioxidant activities (Table 3) . Extraction: Bark powder (150 g) was extracted with 1500 mL of methanol-water (80: 20, v/v) at ambient temperature for 3 h under continuous stirring. The extract was filtered and the extraction was repeated twice. The filtrates from 3 extractions were combined and concentrated under reduced pressure, followed by lyophilization. Of 18.96 g of raw extract 17.40 g was suspended in 180 mL of ultrapure water. The aqueous suspension was extracted successively with 8 × 180 mL of diethyl ether, 10 × 180 mL of ethyl acetate and 8 × 180 mL of n-butanol. The organic extracts were concentrated under reduced pressure at 40°C. The remaining aqueous phase was lyophilized. Extracts were stored at -20ºC until used.
Total phenolic and proanthocyanidin content: Total phenolic content was determined by the Folin-Ciocalteu method and was expressed as gallic acid equivalents (mg of gallic acid/g of extract) [3a,b] . Proanthocyanidin content was determined by the vanillin-hydrochloric acid method and results are expressed as (+)-catechin equivalents (mg of (+)-catechin/g of extract) [3c] . Tests were performed in triplicate and the results were expressed as mean ± SD.
HPLC-DAD-ESI-MS analysis:
Reversed-phase HPLC-DAD-ESI-MS analysis was carried out on a Perkin-Elmer liquid chromatograph consisting of a SCIEX API 365 LC/MS/MS mass spectrometer connected to a Series 200 HPLC system with a UV/VIS detector and Analyst Software 1.1 data system. The column was Superspher 100 RP-18 (75 mm × 4 mm i.d., 4 μm, Merck, Germany). The analyses were performed in the negative ion mode as previously described [3d] except that the elution profile was: 100% B (0-3 min, isocratic), 0-30% A in B (3-30 min, linear gradient), 30-70% A in B (30-33 min, linear gradient), 70% A in B (33-42 min, isocratic), 70-0% A in B (42-45 min, linear gradient), 100% B (45-60 min, isocratic); (A) acetonitrile and (B) 1% formic acid.
DPPH radical, ABTS radical cation scavenging and reducing power assay: DPPH radical scavenging ability of Cyprus cedar bark extracts was assessed according to Wangensteen et al. [3b] . The ability to scavenge ABTS radical cation was determined using the method described by Re et al. [3e, 4] . The ferric ion reduction capacity was evaluated as previously described [2g]. All assays were carried out in triplicate and the results were expressed as mean ± SD.
